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Because drug development is not
a static process, a drug’s market
authorisation may change over time. In
many cases, the number of indications
for which a drug is approved increases.
Because this facet of drug development
also comes at significant costs, a cor-
responding patent filing strategy is
required to protect these investments.
The strategy as applied to rituximab,
which is approved for a variety of indica-
tions, is discussed in this review.

Introduction

Antibodies are today’s most important
class of therapeutic drugs. To enable exclu-
sive commercialization of a new antibody
for a given amount of time, patent protec-
tion is the method of choice. However, the
lifetime of a patent is restricted to 20 v,
with an effective lifetime of 21 y if a prior-
ity is claimed. While such a lifetime may
be sufficient in other fields of technology,
where the halflife of a product is often
substantially less than 20y, it is commonly
too short for pharmaceutics because, once
discovered, the clinical development and
marketing authorisation periods for drugs
often take a total of 8-10 y, thus reduc-
ing the time during which the drug, once
approved, can be marketed under patent
protection.

In major jurisdictions such as the US
and Europe, this problem has been real-
ized, and compensatory tools, “patent term
extension” (PTE) in the US, and ,supple-
mentary protection certificate“ (SPC) in
Europe, that effectively extend the exclu-
sivity term for a given pharmaceutic in the
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case of a time-consuming authorisation
procedure were developed. Drug manu-
facturers have also developed strategies to
effectively extend the time during which
their product is under protection by filing
sequential patent applications that cover
different stages of a drug’s lifetime."' The
most important of these options are: (1)
second medical indication patents; (2)
drug formulation patents; (3) dosage regi-
men patents; and (4) combination therapy
patents. Such a strategy of filing sequen-
tial patent applications is often described
as ,patent lifecycling® (or as ,patent ever-
greening” by those who disagree with the
approach).

Use of this strategy reflects the reality
underlying drug development, i.e., it is a
costly endeavor, with biologics being more
expensive to develop than small molecu-
lar drugs. According to a study performed
at Tufts University, the estimated average
costs of developing a new biologic is 1.2
billion USD,* while development times
are slightly longer than those reported for
small molecular drugs.?

Drug development, however, does not
end with the first market authorisation.
Oftentimes, a manufacturer makes find-
ings and inventions related to a given
pharmaceutic after it has been approved
Quite
understandably, sponsors may want to
make these findings and inventions the
subject of subsequent patent applications
in order to obtain exclusivity and, at the

by the regulatory authorities.

same time, secure freedom to operate with
respect to such secondary embodiments
that still rely on the drug as such.

This strategy is discussed here using
the example of rituximab, which is a

Volume 6 Issue 4



chimeric anti-CD20 antibody mar-
keted by Genentech/Biogen in the US
under the brand name Rituxan®, and by
Roche in Europe under the brand name
MabThera®. This article focuses on the
correlation between European patents and
patent applications protecting rituximab,
and the respective indications authorised
in Europe; however, similar principles and
findings apply to other regulated markets,
like the US.

Research and Development
History of Rituximab

The development of rituximab fol-
lowed the discovery of CD20, which is an
antigen widely expressed, in particular, on
malignant B cells, from early pre-B cells
to differentiated B cells. The discovery
was accomplished by Lee Nadler from the
Dana Farber Cancer Institute in 1980.
Nadler also created murine antibodies
against CD20 using the Kéhler-Milstein
technique® and administered them to lym-
phoma patients.’

Later, the rights to one of these anti-
bodies, called B1, were sold to Coulter
Pharmaceuticals (now Glaxo Smith
Kline, GSK), who used it to develop tosi-
tumomab (Bexxar®), which is a murine
anti-CD20 antibody, and its radiolabelled
analog, ("*') tositumomab. Marketing of
Bexxar® was discontinued as of February
2014.

Rituximab, a chimeric antibody that
was also know as IDEC-C2BS8, was origi-
nally developed by IDEC Pharmaceuticals.
It binds to amino acids 170—173 and 182—
185 on CD20, which is a 297 amino acid
tetra-transmembrane protein; the amino
acids bound form a loop due to a disulfide
bond between amino acids 167 and 183.
Similar to tositumomab, a murine radio-
labelled (°°Y) version of rituximab, ibri-
tumomab tiuxetan (Zevalin®), has been
approved for marketing, too.

In August 1990, IDEC researchers
began to immunize mice with a human
B cell line. In January 1991, a hybrid-
oma (2B8) was identified that recognized
CD20. Based on the respective murine
antibody, a chimeric antibody (C2B8) was
then engineered. The first quantities of
rituximab were generated by heterologous
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expression from a Chinese hamster ovary
(CHO) cell in hollow fiber reactors in
spring 1992.¢

In malignant B cells, rituximab causes
a polarization upon binding, involving
a reorganization of CD20, intercellular
adhesion molecule 1, and moesin, and
orientation of the microtubule organiz-
ing center. Accordingly, the polarization
of B cells induced by rituximab augments
its therapeutic role in triggering antibody-
dependent cell-mediated cytotoxicity by
effector cells.”

Approval History of Rituximab

In December 1992, Biogen filed an
investigational new drug (IND) appli-
cation with the US Food and Drug
Adminstration (FDA), which was only
about two and a half years after the first
immunization of mice with CD20 (in
August 1990), and only about one and
a half year after the first quantities of
rituximab were produced in a CHO cell
line.

The IND resulted in the first approval,
which was for the treatment of relapsed/
refractory CD20-positive B-cell non-
Hodgkin lymphoma (NHL), in November
1997. Hence, the entire developent of
rituximab through its first approval took
only seven years. It appears that one rea-
son for this rapid development was the
fact that rituximab was granted an orphan
drug designation for the indication of the
first approval (i.e., a status assigned to a
rare disease under which some regulatory
requirements are reduced), which facili-
tated approval due to the reduced reglu-
latory requirements for drugs with this
designation, e.g., the underlying pivotal
trial only required 166 individuals.®

Soon thereafter, in June 1998, the
European Commission issued the first
European approval for the treatment of
grade III-IV follicular lymphoma patients
who are chemoresistant or are in their
second or subsequent relapse after che-
motherapy. In both jurisdictions, further
approvals followed quickly (Table 1Ia).
Most recently, a marketing application
for a subcutaneous formulation compris-
ing 1400 mg rituximab to be adminis-
tered over approximately five minutes was

mAbs

approved by the European Commission
in March 2014. The underlying data
come from the Phase 3 SABRINA study
in which a new formulation that includes
recombinant human hyaluronidase was
tested.

Table 1b shows a feature analysis of
the indications underlying the differ-
ent approvals in the European Union,
together with information regarding a
potential orphan status of a given indica-
tion in the European Union (Art 3 (1) a)
of Regulation (EC) No 141/2000, accord-
ing to which the disease must not affect
more than five in 10000 persons in the
European Union).

Collaborations and Mergers

In 1995, IDEC entered into a collabo-
ration with Genentech, based in South San
Francisco, in order to accelerate the devel-
opment of rituximab. Genentech financed
the development costs and obtained
the right to co-market rituximab in the
United States. In 2003, IDEC merged
with  Cambridge-based firm Biogen,
with rituximab as IDEC’s dowry. At
that time, Genentech was already partly-
owned by Swiss drugmaker Roche, who
had acquired a first share of Genentech
in 1990. In 2009, Roche completed the
acquisition of Genentech and took over
the remaining 44% of the shares.

Global Sales of Rituximab

As mentioned already, rituximab’s
initial approval was by the FDA in 1997.
In the same year, global sales achieved
5.5 million USD. From that date on, the
number of approved indications, as well
as global sales, rose steadily. With global
sales of 7.072 billion USD in 2012, ritux-
imab is considered a blockbuster drug.
Figure 1 shows global sales of rituximab
between 1997 and 2020 (sales data from
DrugAnalyst Ltd.)

Off-label Use

In addition to the approved indications,
rituximab has been prescribed frequently
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Table 1a. Approval history of rituximab in the United States and Europe

Date Authorisation Event
Nov 1997 FDA: relapsed/refractory CD20-positive B-NHL
June 1998 EC: llI-IV follicular lymphoma who are chemoresistant or are in their second or subsequent relapse after
chemotherapy
March 2002 EC: CD20 positive DLCL in combination with CHOP
August 2004 EC: previously untreated patients with stage llI-IV follicular lymphoma in combination with CVP
FDA: first-line treatment of diffuse large B-cell, CD20-positive, NHL in combination with CHOP or other
February 2006 anthracycline-based chemotherapy
FDA: combination with MTX for patients with RA who have had an inadequate response to TNF antagonists
EC: combination with MTX for adult patients with RA who have had an inadequate response or intolerance to
other disease-modifying anti-rheumatic drugs including one or more TNF inhibitor therapies
July 2006
EC: maintenance therapy for patients with relapsed/refractory follicular lymphoma responding to induction
therapy with chemotherapy with or without MabThera
FDA: patients with relapsed or refractory B-cell, low-grade or follicular, CD20-positive, NHL
FDA: previously untreated diffuse large B-cell, CD20-positive, NHL in combination with CHOP or other
anthracycline-based chemotherap
Sept 2006
FDA: previously untreated follicular, CD20-positive, B-cell NHL in combination with CVP chemotherapy
FDA: treatment of non-progressing low-grade, CD20-positive, B-cell NHL as a single agent, after first-line CVP
chemotherapy
January 2008 EC: extension of the first line follicular NHL indication to include all chemotherapy combination options.
February 2009 EC: combination with chemotherapy for the first-line treatment of patients with CLL
EC: combination with chemotherapy for the treatment of patients with previously untreated and relapsed/
August 2009
refractory CLL
February 2010 FDA: combination with FC for untreated and treated CLL
October 2010 EC: first line maintenance treatment of follicular CD20 positive B-cell NHL
FDA: maintenance therapy in untreated follicular CD20 positive B-cell NHL who respond to rituximab plus
January 2011
chemotherapy
April 2011 FDA: combination with glucocorticoids (steroids), to treat patients with WG and MPA
FDA: 90 min infusion starting at cycle 2 for patients with NHL who did not experience a grade 3 or 4 infusion-
October 2012 . .
related adverse reaction during cycle 1
EC: combination with glucocorticoids for the induction of remission in adult patients with severe, active GPA and
March 2013
MPA
Spring 2014 EC: 1400mg solution + recombinant hyaluronidase for subcutaneous injection within 5 min for the treatment of
(expected) patients with common forms of NHL

Abbreviations: CD, cluster of differentiation; CHOP, cyclophosphamide, doxorubicin, oncovin, and prednisone or prednisolone; CVP, cyclophosphamide,
vincristine, and prednisone or prednisolone; DLCL, diffuse large cell ymphoma; EC, European Commission; FC, fludarabine and cyclophosphamide; FDA,
Food and Drug Administration; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; MTX, methotrexate; NHL, non-Hodgkin lymphoma;
RA, rheumatoid arthritis; TNF, tumor necrosis factor; WG, Wegener's granulomatosis

for the treatment of dieases where no
approval exists, ie., so called ,off-label
use®. Indications encompass primary
thrombocytopenia, immune thrombo-
cytopenic purpura, macroglobulinemia,
autoimmune hemolytic anemia, Burkitt
lymphoma, multiple sclerosis, Wegener
granulomatosis, post-transplant lympho-
proliferative disorder, bullous dermatoses

Other

off-label indications include pemphigus,

and hypogammaglobulinemia.®
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systemic lupus erythematosus, and angio-
edema.’” Notably, indications that were
approved at a later stage (e.g., chronic
lymphocytic leukemia (CLL) in 2009)
had already been used off-label before that
date.® Between 2005 to 2007, - 17.1% of
all rituximab reimbursements in the US
related to off-label use,® which comprised
an important share of ricuximab sales.
Although US doctors may legally pre-

scribe approved drugs for non-approved
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indications, drug companies are generally
barred from actively promoting off-label
uses of their drugs. In a recent US law-

102 whistleblower accused Genentech

suit,
of encouraging oncologists and other phy-
sicians to bill Medicare and other reim-
bursement programs for off-label uses
of rituximb, thereby making the use the
result of an independent medical judg-
ment. The case was settled in November

2011 upon payment of 20 million USD,
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Table 1b. Feature analysis of the indications underlying the different approvals in the European Union

Indication . Approval e s . . Combination Therapy Prevalence | Orphan
No Disease date Stratification | Patient history with modalities Dosage in Europe | Status?
chemoresistant
. or in second 375 mg/m?
1a folicular June 1998 | stagelll-1V or higher every week for 1-5/10 Yes
NHL 000
relapse after 4wk
chemotherapy
375 mg/m?on
. . day 1 of each
folicular March previously 1-5/10
1b NHL 2004 stage lll - IV untreated CvP chemotherapy 000 Yes
cycle, for up to
8 cycles
relapsed or 375 mg/m?
folicular refractoryf but maintenance every 3 mo, 1-5/10
1c July 2006 responding starting 3 mo Yes
NHL . . therapy . . 000
to induction after induction,
chemotherapy formax 2y
375 mg/m?on
folicular January previosly all types of day 1 of each 1-5/10
1 n-1v h h Ye
d NHL 2008 stage untreated chemotherapy chemotherapy 000 s
cycle, for up to
8 cycles
previously 375 mg/m?
le folicular | October u?et::)?)tr?:i’nbgm maintenance Sf:ézgz Zm r:o 1-5/10 Yes
NHL 2010 to induction therapy after induction, 000
chemotherapy formax 2y
1400 mg
1" NHL spring recombinant | administered solution for 1-5/10 Yes
2014 hyaluronidase in 5 min subutanous 000
injection
2
diffuse 3<i7a5)/T?)/fr2a:hn
large March 1-5/10
2 B-Cell 2002 CHOP chemotherapy 000 Yes
cycle, for up to
NHL
8 cycles
adult patients
with inadequate
response or 2 dosages of
3 RA | July2008 intolerance MTX 1000mgiv. 14000 [ No
to other separated by
antirheumatic 2 wk
drugs including
TNF inhibitors
375 mg/m?on
February firstline day 0, followed 1-5/10
4a cLL 2009 tratement chemotherapy by 6 cycles of 000 ves
500 mg/m?
previously 375 mg/m?on
August untreated day 0, followed 1-5/10
4b cL 2009 and relapsed/ by 6 cycles of 000 ves
refractory 500 mg/m?
GPA: 1-9
H i 2
5 GPA and March L';(:T:JIZ::Z: ?nf lucocorticoids :\Zrm\?//eer /100 000; Yes
MPA 2013 : 9 Y MPA:1-9 /
adult patients for 4 wk 100 000
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Table 1c. Comparison between the requirements for market authorization and patentability in Europe

Art 26 Directive 2001/83/EC

Art 52 (1) EPC

The marketing authorisation shall be refused if (...) it proves that:

(a) the medicinal product is harmful in the normal conditions of use, or
(b) that its therapeutic efficacy is lacking or is
insufficiently substantiated by the applicant, or
() that its qualitative and quantitative composition is not as declared

(1) European patents shall be granted for any inventions, in all
fields of technology, provided that they are new, involve an
inventive step and are susceptible of industrial application.

but, as part of the whistleblower settle-
ment, Genentech did not admit guilt to
the charges.

Only some off-label indications were
made the subject of patent applications.
The treatment of pemphigus is, for exam-
ple, subject to newly filed US application
US20130330332, which has a priority
date of May 7, 1999. Only two European
counterparts exist in this family, ie.,
EP1176981 (Table 2), which was revoked
in opposition, and is now in appeal, and
EP1649870 (Table 2), which was refused
in prosecution. For this reason, no fur-
ther divisional applications can be filed in
Europe, although pemphigus is disclosed,
as a suitable indication, in the original
specification filed in 1999 underlying the
entire patent family.

The of Waldenstrom’s
macroglobulinemia (WM) was initially
claimed in EP1946775 (Table 2), but
was then deleted from the claims, and the
application was later withdrawn. Because

treatment

a pending European application in the
respective family (EP2275136, Table 2)
that discloses the treatment of WM exists,
it may still be possible to file a further divi-
sional to again prosecute Waldenstrom’s
macroglobulinemia, given that, in April
2013, the European Patent Office rein-
stated the former divisional rules, accord-
ing to which a divisional can be filed from
any pending application, without any time
limits.

The treatment of systemic lupus ery-
thematosus (SLE) is claimed in a depen-
dent claim of EP2062916 (Table 2), which
is still pending. The independent claim
of EP2062916 is directed to a method
for treating an autoimmune disease in
a mammal who experiences an inad-
equate response to a tumor necrosis fac-
tor (TNF) inhibitor. Regarding the latter
disease, rituximab seemed to be a prom-
ising candidate in early trials, whereas
it failed in a pair of Phase 2/3 trials

824

9000.00

8000.00

7000.00

6000.00

5000.00

4000.00

3000.00

Global Sales (mn USD)

2000.00

1000.00

0.00 +—+
1995

2000

2005

2010 2015 2020

as used in the underlying data model.

Figure 1. Global sales of rituximab between 1997 and 2020. Data from information provider Drug
Analyst. Note that figures from 2014 — 2020 are estimated. Error bars indicate upper and lower limits

investigating its use in lupus nephritis,
which is an inflammation of the kidney
caused by SLE, so that no approval was
obtained." Probably due to the approach-
ing patent expiry, Genentech and Roche
refrained from investing in further regis-
trational trials. It appears, however, that
rituximab is still prescribed off-label on a
regular basis' for SLE. Such development
may encourage drug manufacturers to put
a stronger focus on less formal tracks of
clinical development, i.e., so-called “non-
registrational studies”."?

Generally, it may seem both diffi-
cult and economically unsound to make
off-label indications subject to a patent
application because, for most of these
indications, only insufficient data exist
to support the requirements to enable-
ment, written description and non-obvi-
ousness/inventive step. If existent, these
data have oftentimes not been raised by
the owners of the earlier patents. Further,
some off-label indications discussed
above relate to orphan diseases, which,
under some circumstances, may not jus-
tify the expenses related with a patent

mAbs

application. It must be mentioned, how-
ever, that, with the exception of rheuma-
toid arthritis, most indications for which
rituximab is approved qualify as orphan
diseases, at least in Europe (Table 1b),
but the smaller patient pool that coincides
with orphan status does not automatically
mean that drugs addressing such indica-
tions are commercially unrewarding.”®

Patent Prosecution vs. Approval
Procedure

While both a drug patent application
and a drug approval application are subject
to substantive examination, the respective
bars are markedly different. To pass the
test for non-obviousness/inventive step
in a patent application, as for example set
forth in Art. 52 of the European Patent
Convention (EPC), non-clinical data that
render it plausible that the claimed drug,
or the alleged new medical use, formu-
lation, dosage or combination thereof,
exhibits some surprising effect, may be
sufficient. It is not always clear, however,
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as to whether such effect provides useful in
the clinical practice, let alone whether the
drug, medical use, formulation dosage or
combination will be eventually approved.

In contrast thereto, marketing appli-
cations submitted to regulators require
clinical data that prove sufficient quality,
safety and efficacy of a drug for which
approval is sought, as for example set forth
in Art 26 of the European Directive relat-
ing to medicinal products for human use
(Directive 2001/83/EC). The respective
bars appear much higher than those to be
taken to meet the “surprising effect” bar of
the non-obviousness/inventive step test. A
comparison between the requirements for
market authorisation and patentability in
Europe is shown in Table Ic.

For regulatory approval, however, no
novelty requirement similar to patent
examination exists. Thus, even if a patent
application is rejected or revoked for lack of
novelty or inventive step over the pertinent
prior art, the claimed drug, medical use,
formulation, dosage or combination can
still receive regulatory approval. Hence, a
drug or the alleged new medical use, for-
mulation, dosage or combination thereof
can receive approval even if no patent pro-
tection could be obtained, and vice versa.

Patent History of Rituximab

To date, public patent databases (e.g.,
www.orbit.com, as of Jan 1, 2014) con-
tain 1659 patent families that have, in
their claims, the terms “CD20” and “anti-
body”, out of which 236 are assigned to
IDEC, Biogen, Genentech or Roche.
Some of the early patent families from this
list are devoted to methods for classifying
white blood cells in a patient sample, in
which method an anti-CD20 antibody is
used (e.g., US5234816 assigned to Becton
Dickinson, claiming a priority of July 12,
1992, or EP0472522 assigned to Coulter
Corp, claiming a priority of December 16,
1988).

The earliest patent that is related to
anti-CD20-based therapy is US patent
US6652852 assigned to Xoma, which has
a priority date of October 27, 1986. Xoma
was already working on an anti-CD20
monoclonal antibody in the late 1980, but
never got a respective product approved.
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The patent claims a method for treating
a B-cell disorder with an antibody com-
prising a variable region having specificity
for a CD20 antigen. The antibody is 2H7,
which is a murine antibody produced by
a murine hybridoma cell line deposited as
HB9303 with the American Type Culture
Collection (ATCC). The antibody was
initially created by Ingene, which in turn
was acquired by Xoma in August 1989.
Though Xoma has never marketed said
antibody, their early filing date put them
into a position to negotiate a royalty
agreement with Genentech, which gave
rise, eventually, to a humanized antibody
that is now developed by Biogen and
Genentech, as discussed below.

Another early patent is US4987084
assigned to Dana Farber, which has a pri-
ority date of February 21, 1989. The pat-
ent claims a method of testing the effect
of an agonist or an antagonist to B lym-
phocyte cell surface protein CD20 on B
lymphocyte function, wherein option-
ally said agonist or antagonist comprises
an antibody to B lymphocyte cell surface
protein CD20.

Table 2 shows a non-exhaustive list of
selected patent families assigned to IDEC,
Biogen, Genentech or Roche, which have
been filed to protect rituximab, vari-
ants thereof, or the use thereof. The pat-
ents from family 1 have a priority date
of July 24, 1992 and mark IDEC’s first
CD20-related patents.European patent
EP0605442 claims a chimeric anti-CD20
antibody that has a constant region from
human or chimpanzee, while the anti-
gen binding region is from an Old World
Monkey, and does, as such, not protect
rituximab (in which the variable regions
are of murine origin). The other family
members also relate to fully primate anti-
bodies. This family will therefore no lon-
ger be discussed herein.

The patents from family 2 have a prior-
ity date of November 13, 1992, and mark
IDEC’s first patents that provide com-
pound protection for rituximab. They will
thus herein be considered as the “first-gen-
eration patent family.” The different pat-
ents of this family derive from divisional
applications that rely on the parent appli-
cation EP0669836, and specify, in the
claims, the hybridoma (EP0669836), the
heavy chain (HC) and light chain (LC)

mAbs

sequence (EP2000149), the use and dos-
age in NHL (EP1005870), and the com-
bination of rituximab with a radiolabelled
anti-CD20 antibody (EP0752248).

Itis, in this context, important that the
claims of EP1005870 are not restricted
to rituximab, i.e., their scope of protec-
tion also encompasses other anti-CD20
antibodies. Likewise, the remaining three
patents also encompass ibritcumomab tiux-
etan because the latter is made with the
same hybridoma and has the same HC
and LC sequences.

Biogen IDEC has filed requests for
SPCs for two members of family 2, namely
for EP0669836, with ibritumomab tiux-
etan as the drug for which supplementary
protection is sought, and for EP2000149
with rituximab. Requests were filed in
different European countries, including
Germany, the UK and Ireland. While both
requests are still pending in Germany, the
request for EP0669836 has been granted
in the UK and Ireland, already extending
the protection for ibritumomab tiuxetan
by five years until November 11, 2018.
The request for EP2000149 is still pend-
ing in the UK, but has been rejected in
Ireland. It is thus still uncertain whether
the November 2013 date is really the date
when compound protection for rituximab
expires in Europe.

In the second-generation patents (i.e.,
patent family 3 and higher), second medi-
cal uses (e.g., EP2062916), combinations
with other drugs (e.g., EP1176981), dos-
age regimen (e.g., EP1616572), formula-
tions (e.g., EP2475353) or hybrids thereof
are protected. While, with the exception
of EP1112084, which protects the use of
ibritumomab tiuxetan, all active patents
from these families are either pending, or
in opposition, they still represent a signifi-
cant threat to competitors, because they
either create insecurity with respect to
future investments, or are, at least thero-
rectially, enforceable although currently in
opposition.

In families 2 — 10, five patents were, or
still are, the subject of post-grant opposi-
tions. EP1112084 (which relates to the use
ofaradiolabelled anti-CD20 antibody) was
maintained in amended form. EP1613350
was finally revoked after appeal proceed-
ings, because the main request and some
auxiliary requests contained added subject
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matter that was not diclosed in the speci-
fication, while the 4th auxiliary request
lacked novelty. EP1616572 was revoked
in the first instance because during pros-
ecution a dosage regimen was introduced
into claim 1 that was not #psis verbis dis-
closed in the application. The case is now
in appeal. EP1176981 was revoked in the
first instance for lack of inventive step.
The case is now in appeal. In the oppo-
sition against EP1974747, the patentee
has declared, recently, that he no longer
approves the text in which the patent
was granted, which equals a request for
revocation.

It is thus quite surprising that out of
19 patents or patent applications in pat-
ent families 3 - 10, only one is now fully
enforceable without any restrictions, i.e.,
it is (1) granted, (2) not yet expired, and
(3) not the subject of a pending opposi-
tion. Ironically, this patent is EP1112084,
which relates to the use of a radiolabeled
anti-CD20 antibody, e.g., ibritumomab
tiuxetan or tositumomab, not to the use
of rituximab, and will for this reason no
longer be discussed herein.

How the Patent Filing Strategy
Reflects Rituximab’s Approval
History

the

between rituximab’s approval history and

To demonstrate relationship
its patent filing strategy, a feature analy-
sis was first been performed, in which
the different features of the different
indications approved in the European
Union (Table 1b) and the independent
claims of the European members from
patent families 2-10 (Table 2) were dis-
tributed into particular feature categories
(Disease, Stratification, Patient history,
Combination with other drugs, Therapy
modalities and Dosage), and type num-
bers were assigned. Results are shown in
Table 3. These features were then cor-
related by means of a three-dimensional
cluster analysis to demonstrate which pat-
ent or patent application reflects which
authorisation. Results are shown in Table
4.

Figure 2 shows time bars reflecting the
history of the European members from
patent families 2 — 10. Flags indicate the

www.landesbioscience.com

date the corresponding authorisation was
obtained in the European Union.

Because clinical trials can represent
novelty destroying prior art, at least in
Europe,' patent applications are usually
filed before a clinical trial is launched.
Thus, a patent application that is meant
to protect a given indication, dosage, for-
mulation or drug combination is usually
drafted at a time when the exact particu-
lars of the corresponding authorisation are
not yet known. This bears the risk, in case
characteristics of the authorisation change
during the approval process, that the
resulting authorisation can have features
not been disclosed in the specification.

Such a thing may have happened
in EP1616572 (see above), which was
revoked in the first instance because the
dosage regimen introduced into claim 1
during patent prosecution was not ipsis
verbis disclosed in the application. The
latter disclosed weekly administration
of an escalated dosage regimen, but the
authorisation does not have the restriction
to weekly administration.. To ensure that
the patent protection covers the approved
indication, the patentee thus simply omit-
ted this restriction, which eventually gave
rise to the revocation in the first instance
due to inadmissible amendments.

Figure 2 further demonstrates that,
whenever a patent was about to be
granted in a given family, timely filing
of a divisional occurred, because, under
European law, a divisional application
can only be filed relating to a European
patent application that is still pending
(Rule 36 EPC).

Patent Disputes

Not surprisingly, rituximab was the
subject of various patent disputes, some of
which relied on patents protecting enable-
ment technologies, while others relied on
patents protecting compounds, e.g., an
anti-CD20 antibody.

Enablement Technology Patents
As regards the former, Biogen IDEC

and Genentech were engaged in sev-
eral lawsuits related to the alleged

mAbs

infringement of patents protecting
enablement technologies that were used,
allegedly, for the generation or produc-
tion of rituximab.

In 2003, Genentech was involved,
together with other biotechnology firms,
in a lawsuit with Columbia University”
for the validity of Columbia’s Axel patent
estate, which is related to gene expression
systems that were said to be used in the
generation of rituximab, and for which
Genentech has paid royalties. The lawsuit
was settled eventually.

In 1999, GlaxoWellcome (now GSK)
sued Genentech for the infringement of
four of their patents that covered stabilized
immunoglobulin compositions and anti-
bodies carrying a particular glycosylation
pattern,'® asking for a royalty payment on
sales of rituximab. The claim was dismissed
for invalidity of the underlying patents.

Quite notably, furthermore, are the dif-
ferent disputes related to the Cabilly family
of patents, which is assigend to Genentech,
and which covers key steps of bicistronic
antibody expression. The patents family
not only protects the production of ritux-
imab, but many other therapeutic antibod-
ies, and is thus subject to a large number
of license contracts, and has furthermore
gained a reputation for its long lifetime.
The history and relevance of the Cabilly
family of patents were discussed in a previ-
ous review."”

Shortly thereafter, in September 2010,
GSK sued Genentech for violation of
patents RE 40,070 and RE 41,555. GSK
claimed that the production of trastuzumab
(Herceptin®) infringes the said patents,
which cover the purification of IgG with
hydrophobic interaction chromatography.'®
On the same day, Genentech responded by
filing an action for declaratory judgement
of non-infringement and invalidity of the
two patents. Allegedly, both parties settled
after the discovery process in 2012.

Compound Patents

Biogen IDEC and Genentech were
likewise engaged in several lawsuits related
to the alleged infringement of patents pro-
tecting rituximab, or its competitors, as a
compund.
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Table 3. Feature analysis of the indications approved in the European Union and the independent claims of the patent families 2 - 10

Disease Stratification Patient history Combination with Therapy modalities Dosage
chemoresistant
.or in second or patient received at
higher relapse after .
least one prior course 375 mg/m?
low grade/ stage chemotherapy/ )
! follicular NHL ! n-1v relapsed followin cve ! of treatment with every week for
P 9 rituximab 24 - 40 4wk
chemotherapy
wk ago
or refractory to
chemotherapy
375 mg/m?on
diffuse large older day 1 of each
2 B-Cell NHL/ 2 60 2 | previously untreated | 2 CHOP 2 | maintenance therapy | 2 | chemotherapy
bulky disease y cycle, for up to
8 cycles
40 x 10%9
to about
7 2
200 x relapsed or refractory, :V:r;ngﬁl
3 RA/Joint 3 10'9 3 but respon.dmg 3 Chemotherapy 3 admmlster?d within 3| starting3mo
damage white to induction 5 min . .
after induction,
blood chemotherapy
formax 2y
cells per
liter
adult patients with
|nadgquate response 375 mg/m?
or intolerance to
other antirheumatic every 2 mo,
4 CLL 4 . ) 4 MTX 4 | starting 2 mo
drugs including after induction
TNF inhibitors/ '
formax 2y
Inadequate response
to TNF inhibitor
2 dosages of
o o 1000 mg iv,
5 GPA and MPA 5 first line treatment 5 Glucocorticoids 5
separated by
2 wk
. 375 mg/m?on
- previously untreated .
l°) recombinant day 0, followed
= NHL 6 and relapsed/ 6 . 6
N refractor hyaluronidase by 6 cycles of
Y 500 mg/m?
- i i f
S o | hematologic |r?dt.,|ct|(.)n © 500 - 1500 mg/
w ) 7 remission in adult 7
N malignancy . m?
patients
750 mg-1100
8 mg, 2 times/
month
1400mg
9 solution for
sc injection

As regards compound patents, litiga-
tion took place between IDEC and Corixa
(now GSK) over their anti-CD20 anti-
bodies ibritumomab tiuxetan (Zevalin
®) and tositumomab (Bexxar ®). ™
IDEC claimed that four of Corixa’s pat-
ents protecting tositumomab were unen-
forceable. While the US District Court
for the Southern District of California
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first granted IDEC’s motion for summary
judgment in October 2003, and thus ruled
that Corixa cannot use four of their pat-
ents to block sales of IDEC’s ibritumomab
tiuxetan, that decision was revoked by the
same court in January 2004, based on
new evidence. Eventually, the parties set-
tled their dispute and engaged in a cross-
licensing agreement that encompassed

mAbs

ibritumomab tiuxetan and tositumomab,
under which IDEC made royalty pay-
ments on their sales of ibritumomab tiux-
etan to Corixa.

As discussed already, the Californian
biotechnology company Xoma was alread-
ing working on an anti-CD20 monoclo-
nal antibody in the late 1980, called 2H7,
which came into Xoma’s portfolio with
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Table 4. Three dimensional cluster analysis to demonstrate which patent or patent application reflects which authorisation

Indication No | Disease | Stratification | Patient |Combination | therapy Dosage Patent status Indication
Patent No histiory with modalities No
1a n/a
1b 2 2 n/a
1c 3 3 2 3 n/a
1d 2 2 n/a
le 3 2 4 n/a
EP1974747 2 revoked Ic
EP2263693 refused, appeal 1b
1f 3
EP2475353 pending 1f
2 2 2 n/a
EP1227836 2 3 withdrawn 2*
EP2275136 2 3 pending 2%*
EP2264070 2 2 pending 2
EP1946775 withdrawn
EP2260866 2 withdrawn 22.02.2012
EP1131093 3 withdrawn
3 3 4 n/a
EP1951304 3 4 pending 3
EP1176981 3 Revoked, appeal 3
pending
EP1649870 3 Refused 3
EP1613350 3 4 Revoked 3
EP2062916 3 4 pending 3
4a 4 3 n/a
4b 4 n/a
EP2289543 4 3 pending 4a+4b
EP1616572 4 Revoked, appeal 4a +4b
EP2055313 4 pending 4*
n/a
EP1812060 withdrawn 5*

* patent has a dosage restriction that is not in the label, **, patent has a restriction to a drug combination that is not in the label.

the acquisition of Ingene. Xoma put this
project on hold, but retained the respec-
tive patents, which covered the thera-
peutic use of chimeric chimeric IgGl
antibodies specific for the CD20 antigen
on the surface of human B cells (among
others, US5500362). These patents claim
a priority of January 1987 and thus pre-
date Biogen/IDECs own portfolio, the
eariest priority of which is November
1992 (family 2 in Table 2). On May 15,
1996, Xoma granted an exclusive license
to Genentech and IDEC with respect to
these patents, for which Genentech payed,
and still pays, a royalty. Interestingly, one
other result of this agreement seems to
be the humanization of 2H7, then called
hu2H7, which was the basis for the devel-
opment of ocrelizumab (see below).

As part of an almost epic bat-
tle between Genentech and GSK,
Genentech and Biogen sued GSK and
Genmab on March 24, 2010 for infringe-
ment of US Patent US7682612 at the US

www.landesbioscience.com

District Court for the Southern District
of California.”® The patent is from the
same family as EP1616572 and covers
the treatment of CLL with a non-radio-
labeled anti-CD20 antibody. Genentech
claimed that GSK’s anti-CD20 mAb ofa-
tumumab (Arzerra®, see below), devel-
oped together with Genmab, violates said
patent.

Although both ofatumumab and
rituximab target CD20, ofatumumab
binds a different epitope of the latter than
rituximab, and with a different affin-
ity. Genentech, who is the licensee of
US7682612, advocated that ofatumumab
infringes the patent because its claim lan-
guage was not per se restricted to a partic-
ular epitope of CD20. However, in order
to overcome an office objection related to
lack of enablement, Biogen had, during
the patent prosecution, stated that the
term “anti-CD20 antibody” shall mean
“antibodies having similar affinity and
specifity as rituximab.”

mAbs

Based on this prosecution history,
the court construed the patent claims as
being restricted to anti-CD20 antibod-
ies having similar affinity and specifity
as rituximab. The Court thus concluded
that ofatumumab does not fall under
the scope of said patent. Further, and
without recoursing to prosecution his-
tory again, the court also construed the
terms “does not include treatment with
a radiolabeled anti-CD20 antibody” and
“radiation is not used” as to exclude the
use of a radiolabeled anti-CD20 antibody
or the administration of a separate radio-
labeled anti-CD20 antibody. Thereby, the
court has signaled that the combination
use of ofatumumab with a radiolabeled
antibody, like GSK’s tositumomab and
radiolabelled I'®' tositumomab, does not
qualify as an infringement of the patent
either.

Genentech and Biogen appealed the
decision to the US Court of Appeals for

the Federal Circuit, who confirmed the
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EP0669836

EP0752248
EP1005870

EP2000149

AL

EP1112084
EP1946775

EP1974747
EP2260866

EP2263693

EP2275136

EP1131093

oo I T

'l
I
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EP1616572

EP2055313

EP2289543

EP1176981
EP1649870

EP1227836
EP2264070

EP1613350
EP2062916

EP1812060
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7/////, in opposition

|} revoked/rejected/withdrawn

Figure 2. History of the European members from patent families 2-10. Flags indicate the date the corresponding authorization was obtained in the
European Union. Patents or patent applications which have expired their maximum lifetime, or are revoked, rejected or withdrawn, are marked in italics.
In some families selected withdrawn members are not shown.

decision in April 2013.2' The decision
again makes clear how dangerous it can
be to make conceding statements during
patent prosecution. Such statements can
strike back eventually because a US court
may use them for a restrictive claim con-
struction, in particular if advised thereof
by a competitor.?> Table 5 gives an over-
view of some selected patents on which the
above cases were based.

The Advent of Biosimilars

Not surprisingly, the tremendous suc-
cess of rituximab has triggered the devel-
opment of follow-on biologicals, also
called biosimilars. The first biosimilar

832

to rituximab, Reditux, from India’s Dr.
Reddy’s, has already been introduced to
selected emerging markets, starting with
India in 2007. According to the equity
research firm FirstWord Pharma, 22
rituximab biosimilars were subject to clin-
ical or preclinical trials in 2013 (see also
www.clinicaltrialsregister.eu), making it
the most attractive branded biologic for
biosimilar manufacturers (though the first
biosimilar antibody recently approved in
the EU is a biosimilar version of anti-TNF
antibody infliximab).?

So far, no rituximab biosimilar has
yet been approved in the US or Europe,
despite the fact that, in Europe, the basic
patent family protecting rituximab as a
compound expired in November 2013
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(Table 2, family 2). The reason for this
delay are manifold. First, as discussed
above, Biogen IDEC has filed requests
for supplementary protection certificates
(SPCs) for two members of the 2nd family
(Table 2), that marked compound protec-
tion for rituximab. The requests are still
pending. It is thus still unsure whether the
oft-cited November 2013 date is really the
date when compound protection for ritux-
imab expires in Europe. Second, the sec-
ond-generation patents still in force (i.e.,
patent families 3 and higher) represent an
effective obstacle for market entry. This
means that, even though, theoretically,
competitors could enter the market with
their biosimilars upon expiry of the first-
generation patent (and, if applicable, the
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Table 5. Selected patents that were subject to litigation related to rituximab in the United States

Subject Claims as filed/Granted Lawsuit

Publication
Priori Assi Ali
No riority date ssignee/Alias matter

chimeric IlgG1 antibody comprising two HC and two LC, each
of which comprising a human C region and a V region, being
produced in a eukaryotic host, and having specificity for the
compound ) ) :

antigen bound by the antibody produced by hybridoma
HB9303 deposited with the ATCC, and having cytolytic activity,
wherein said cytolytic activity is ADCC or CDC

US5500362 Jan 08, 1987 Xoma

method for treating a B-cell disorder comprising administering
to a patient an antibody comprising two LC and two HC,

wherein the antibody molecule comprises a V region having
specificity for a CD20 antigen bound by an antibody produced
by hybridoma HB9303 as deposited with the ATCC, and a
human C region and wherein the antibody is capable of
mediating ADCC or CDC

compound +
Xoma 2nd medical

US6652852 Oct 27,1986
use

method of testing the effect of an agonist or an antagonist
to B lymphocyte cell surface protein CD20 on B lymphocyte
function comprising (i) determining Ca ion flux across
Dana Farber the membrane <.)f saic.i B Iymphocyte, conta'cting sa@

B lymphocyte with said agonist or antagonist, and (iii)
determining the change in Ca ion flux across said membrane
after exposure of said B lymphocyte to said agonist or

antagonist

US4987084 Feb 21, 1989

method for immunotherapy of B-cell ymphoma, which

comprises: (i) administering to a patient an imaging
effective amount of ananti-CD20 antibody, or a Fab, Fab’ or
F(ab')2 portion thereof, trace labeled with a first radiolabel;
(i) imaging the distribution of said labeled antibody
or portion thereof within the body of the patient; (iii)

compound administering to the patient an amount of the antibody or

US5595721 July 16, 1993 Coulter, now GSK | + method of . 9 . P . . y Idec vs. Corixa
portion thereof in unlabelled form, and (iv) administering

treatment . . . )

a radioimmunotherapeutically effective amount of said
antibody, or portion thereof, which is labeled with said
first radiolabel or with a different radiolabel wherein the
amount of radioactivity is less than the the dose which
causes myelosuppression severe enough to require the

reintroduction of hematopoietic stem cells

composition comprising (1) a radioactively labeled
monoclonal anti-CD20 antibody or fragment in an amount
providing 1 to 200 mCi of radioactivity and providing
irradiation in a dose range of 10 to 200 cGy to the whole body
July 16,1993 | Coulter, now GSK compound of a human patient, wherein the amount of radioactivity that
labels the antibody or antibody fragment is less than the

amount which causes myelosuppression severe enough to
require the reintroduction of hematopoietic stem cells, and (2)
a pharmaceutically acceptable carrier

Idec vs. Corixa

US6015542

method for immotherapy of B-cell lymphoma, which
comprises: (i) administering an imaging effective amount of
an anti-CD20 antibody or portion thereof trace-labeled with
a first radiolabel; (ii) imaging the distribution of said antibody
or portion within a patient’s body, (iii) administering a second
antibody or portion, said amount of said second antibody or
compound . ) . . .
said second antibody portion effective for blocking non-tumor
+ method of o . . . . .
binding sites for a third anti-CD20 antibody or portion; and (iv)
treatment L2 - - .
administering a radioimmunotherapeutically effective amount
for treating B-cell lymphoma of said third antibody or portion
which is labeled with said first radiolabel or with a different
radiolabel, wherein the amount of radioactivity is less than
that which causes myelosuppression severe enough to require
the reintroduction of hematopoietic stem cells

US6287537 July 16,1993 Coulter, now GSK
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Table 5. Selected patents that were subject to litigation related to rituximab in the United States (continued)

US6090365

July 16,1993

Coulter, now GSK

compound +
2nd medical
use

method for the treatment of lymphoma which comprises:
first administering to a patient an unlabelled anti-CD20
antibody or fragment; and subsequently administering a

radioimmunotherapeutically effective amount of an anti-CD20

antibody or a fragment having a radioactive label, wherein
the amount of radioactivity is less than the amount that
causes myelosuppression severe enough to require the

reintroduction of hematopoietic stem cells

Idec vs. Corixa

US6331415

Apr 8, 1983

Genentech/
Cabilly

enablement
technology

process for producing an Ig molecule or fragment comprising
at least the V domains of the Ig HC and LC in a single host cell,
comprising the steps of: (i) transforming said host cell with a
first DNA encoding at least the V domain of the Ig HC and a
second DNA encoding at least the V domain of the Ig LC, and
(i) independently expressing said first DNA and said second
DNA so that said Ig HC and LC are produced as separate
molecules in said transformed single host cell

Many

US7682612

Nov 9, 1998

Genentech

compound +
2nd medical
use

method of treating CLL, comprising administering an
anti-CD20 antibody to the patient, wherein the method does
not include treatment with a radiolabeled anti-CD20 antibody

Genentech/
Biogen vs. GSK

RE40070

Feb 22,1994

GSK

enablement
technology

method for purifying monomeric IgG antibody from a mixture
comprising said monomeric antibody and at least one of
immunoglobulin aggregates, misfolded species, host cell
protein or protein A comprising contacting said mixture with
a hydrophobic interaction chromatographic support and
selectively eluting the monomer from the support

GSK vs.
Genentech

RE41555

Feb 22,1994

GSK

enablement
technology

method for purifying monomeric IgG antibody from a mixture

comprising said monomeric IgG antibody and at least one

of immunoglobulin aggregates, misfolded species, host cell
protein orand protein A comprising, wherein said method
comprises the steps of: (i) contacting said mixture with a
hydrophobic interaction chromatographic support and (ii)
selectively eluting the monomeric IgG antibody from the

support

Genentech vs.
GSK

US4399216

Feb 25, 1980

Columbia/Axel

enablement
technology

process for inserting foreign DNA | into a suitable eukaryotic
cell which comprises cotransforming said cell with said DNA |
and with unlinked foreign DNA Il which codes for a selectable
phenotype not expressed by said cell, said cotransformation
being performed under suitable conditions permitting
survival or identification of cells which have acquired said
selectable phenotype, said DNA | being incorporated into the
chromosomal DNA of said eukaryotic cell

Genentech vs.
Columbia

US4634665

Feb 25,1980

Columbia/Axel

enablement
technology

process for inserting foreign DNA | into a suitable eukaryotic
cell which comprises cotransforming said cell with said DNA |
and with unlinked foreign DNA Il which codes for a selectable
phenotype not expressed by said cell, said cotransformation
being performed under suitable conditions permitting survival
or identification of cells which have acquired said selectable
phenotype, said DNA Il being attached to bacterial plasmid or
phage DNA

Genentech vs.
Columbia

US5179017

Feb 25, 1980

Columbia/Axel

enablement
technology

transformed CHO cell which comprises amplified foreign DNA
| corresponding to a gene of interest stably incorporated into
the chromosomal DNA of the transformed cell and amplified
DNA Il encoding a dominant selectable phenotype not
expressed by the transformed cell prior to transformation

Genentech vs.
Columbia

834

mAbs

Volume 6 Issue 4



Table 5. Selected patents that were subject to litigation related to rituximab in the United States (continued)

US6455275 Feb 25, 1980 Columbia/Axel

enablement
technology

transformed CHO cell comprising a DNA construct comprising
DNA | encoding a proteinaceous material foreign to the
CHO cell and linked thereto DNA Il encoding an amplifiable
dominant selectable phenotype not expressed by such cell
prior to transformation with the construct, the construct being
effective for producing the proteinaceous material when the
construct is introduced into the cell, wherein the construct
is stably incorporated into the chromosomal DNA of the
transformed cell

Genentech vs.
Columbia

US5654403 Oct 28,1991

Smith

Glaxo Wellcome/

enablement
technology

Ig composition of IgG1 containing Cu ions in an amount
sufficient to degrade the immunoglobulin, wherein the
improvement comprises the addition of an amount of a
chelator of Cu ions sufficient to bind the Cu ions present in the
composition and protect the Ig from degradation by the Cu
ions and thus stabilize the IgG1 composition

Genentech vs.
GlaxoWellcome

US5792838 Oct 28, 1991

Smith

Glaxo Wellcome/

enablement
technology

method of making a stabilized IgG1 composition comprising
adding to a starting composition comprising (i) IgG1 and
(i) Cu ions in an amount sufficient to degrade said IgG1, an
amount of a chelator of Cu ions sufficient to stabilize said IgG1
against Cu ion-mediated degradation, so that said stabilization
IgG1 composition is made

Genentech vs.
GlaxoWellcome

US5545403 Oct 17,1990

Page

Glaxo Wellcome/

enablement
technology

a method for treating comprising administering a whole
glycosylated recombinant human chimeric or CDR-grafted or
bispecific antibody effective in treating a disease or disorder
in a human, wherein the improvement comprises an antibody
glycosylated by a CHO cell

Genentech vs.
GlaxoWellcome

US5545405 Oct 17,1990

Page

Glaxo Wellcome/

enablement
technology

method for treating cancer by administering a whole
glycosylated recombinant human, chimeric, CDR grafted or
bispecific antibody effective in treating said cancer, wherein
the improvement comprises an antibody glycosylated by a
CHO cell

Genentech vs.
GlaxoWellcome

Abbreviations: ADCC, antibody-dependent cell-mediated cytotoxicity; ATCC, American Type Culture Collection; C, constant region; CDC, complement-
dependent cytotoxicity; CDR, complementarity-determining region; CHO, Chinese hamster ovary; CHOP, cyclophosphamide, doxorubicin, oncovin, and
prednisone or prednisolone; CLL, chronic lymphocytic leukemia; Cu, copper; CVP, cyclophosphamide, vincristine, and prednisone or prednisolone; DLCL,
diffuse large cell lymphoma; HC, heavy chain; Ig, immunoglobulin; LC, light chain; MTX, methotrexate; NHL, non-Hodgkin lymphoma; RA, rheumatoid
arthritis; TNF, tumor necrosis factor; V, variable region.

corresponding SPCs), second-generation
patents may have to be considered, e.g.,
because competitors may not be allowed
to advertise the respective indication, dos-
age, combination or formulation, or write
it into the product label.

Regarding the latter, European regu-
latory law provides a so-called “carve-
which  biosimilar
manufacturers are entitled to leave away

out”-option  under

from the label (i.e., the summary of
product characteristics and the patient
information leaflet) any references to
indications or dosage forms that are pro-
tected by patents in force. The respec-
tive permission is subject to national
law, e.g., § 1le of the German Medicinal
Products Act, as is the decision whether
a statement must be added why cer-
tain therapeutic indications or dosage
forms that are subject of the underlying

www.landesbioscience.com

authorisation are missing. In addition, it
seems that the requirements set by the
European Medicines Agency to provide
evidence for safety and efficacy of a bio-
similar antibody are higher than what was
expected,? thus prolonging development
times for biosimilar manufacturers.

The Quest Goes On: Biobetters

In the recent years, our understanding
of the mechanism of action of rituximab,
and anti-CD20 antibodies in general, has
significantly increased.”” This process
resulted in the development of a number
of second-generation anti-CD20 antibod-
ies (sometimes also called “biobetters”),
which have been characterized into two
subtypes based on their ability to redis-
tribute CD20 in membrane lipid rafts.

mAbs

Type 1 “rituximab-like” anti-CD20
antibodies redistribute CD20 into mem-
brane lipid rafts and potently activate
complement,®® whereas type II anti-CD20
antibodies weakly activate complement
but more potently evoke direct pro-
grammed cell death. Both subtypes show
equal ability in activating FcyR-bearing
immune effector cells.

Second- or third-generation anti-
CD20 antibodies are currently in the
pipeline, some of which are developed by
Biogen, Roche or Genentech, who have
joined their forces to commercialize ritux-
imab. Table 6 gives an overview of some
candidate molecules. Data were taken
from information provided by the respec-
tive sponsors.

The market entry of these alterna-
tives is not only subject to the respective
authorisation, but also to the existence
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Table 6. Biobetters to rituximab that are approved or in clinical development

Key Pate'nt Sponsor Name Characteristics Type R&D status
publication
approved for treatment of CLL
Fully human, binds a unique epitope on refractory to fludarabine and
ofatumumab CD20, resulting in a slow off-rate and alemtuzumab in US and EU. Phase lll
U57850962 GSK/Genmab (Arzerra®) high ability to activate complement ! in follicular NHL, diffuse large B-Cell
(increased CDC) NHL and Pemphigus, Phase Il in MS
and WM
humanized (alias GA101) has a
glycoengineered Fc fragment with Approved for treatment of untreated
obinutuzumab nonfucosylated oligosaccharides CLL in US, Phase Il in diffuse large
EP1692182 Roche/Glycart (Gazyva®) to enhance interaction with Fc R, I B-Cell NHL, Front-line indolent NHL,
particularly Fc Rllla, therefore enhancing Refractory indolent NHL
ADCC
humanized type anti-CD20 mAb
derived from Ingene/Xoma’s 2H7. Said
. . to exhibit better binding to the low- Phase Ill in MS, but failed in RA and
EP2301966 Biogen/Genentech ocrelizumab affinity variants of the Fc llla, increased : SLE
ADCC, and lower CDC, compared with
rituximab
US7435803 Immunomedics veltuzumab humanlzed,.slov.ver off-rate than | Phase 2 in NHL an(;l Idiopathic
rituximab thrombocytopenic purpura
AME/Eli Lilly, now Humanized IgG1 with modified Fc, Phase lll in relapsed indolent NHL,
US20030219433 Mentri);; ocaratuzumab Increased binding to CD20 and FcyRllla | previously treated with rituximab,
and increased ADCC Phase | in RA
) . . Phase I/Il in relapsed or refractory
EP2301966 Genentech PRO131921 Ocrelizumab Wlt.h anOdIﬁEd Fo | indolent NHL pretreated with
Increased FcyRllla binding and ADCC Lo
rituximab
Rituximab with fucose—free
EP2542575 Cilian AG CiMab glycosylation due to Ciliate expression | Still in R&D
system, increased ADCC
. chimeric anti-CD20 glycoengineered Phase Il for CLL and mantle cell
EP1824887 TG 'Ijherapeuncs'/ LFB ublituximab to enhance affinity for all variants of n/a lymphoma in combination with
Biotechnologies -
FcyRllla receptors Ibrutinib

Abbreviations: ADCC, antibody-dependent cell-mediated cytotoxicity; CD, cluster of differentiation; CDC, complement-dependent cytotoxicity; CLL,
chronic lymphocytic leukemia; FcR, crystallizable fragment receptor; Ig, immunoglobulin; MS, multiple sclerosis; RA, rheumatoid arthrits; SLE, systemic

lupus erythematosus

of third-party patents. While a thorough
analysis of the patent situation is thus
necessary to determine whether there is
freedom to operate in a given market, it is
noteworthy to mention that those patents
from Table 2 claiming rituximab or its use
would not be relevant in this regard, while
those patents claiming a mere anti-CD20
antibody could probably be relevant.
Table 6 shows some biobetter candidates
that are already approved or still in the
research and development pipeline. It
remains questionable, however, whether
the anti-CD20 market is big enough for
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that many successors — an outlook which
stands, symbolically, for development in
personalized medicine, where the number
of drugs increases, while patient cohort
sizes shrink.

Conclusion

Both the patent filing history and the
market authorisation history mark the
continued development of a drug that has
already obtained its first authorisation.
It is important, for biopharmaceutical

mAbs

companies, to protect 2nd or higher
authorisations by corresponding patents,
to block competitors from offering fol-
low-on versions of the original drug for
the respective particulars that are subject
of the respective authorisations, once the
patent protecting the basic compound has
expired.

It can be challenging to synchronize
the two strategies, mainly because a pat-
ent application is oftentimes filed years
before the respective authorisation has
been obtained, so that there may be a
delta between what has been disclosed in
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the patent application and what has made
it into the authorisation, respectively. At
the same time, the standards of examina-
tion in patent prosecution and regulatory
authorisation are markedly different, so
that it is not unlikely that, e.g., for a given
indication, a patent was awarded, but no
market authorisation, and vice versa.
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